The effect of nitrogen fertilization and microbial preparations on yielding and development of potato tuber yield components were assessed in field experiments conducted under soil conditions of Luvic Chernozem. The factors of the experiment were nitrogen fertilization levels: 0, 60, 120 and 180 kg N/ha and the following preparations: BactoFil B10, effective microorganisms and UG max soil fertilizer. Nitrogen fertilization caused a significant increase in marketable yield of potato tubers. Yield increments on individual fertilizer treatments ranged from 66% to 140%. An evident effect of this factor was also visible regarding the yield components values. Increase in the number of main stems per 1 m 2 under the influence of growing nitrogen doses occurred from the fertilization level 120 kg N/ha, whereas the number of tubers per 1 stem increased only to the level of 60 kg N/ha. Each nitrogen dose applied within the range to 180 kg N/ha caused a marked increase in an average tuber weight. Conducted investigations demonstrated an unfavourable effect of microbial preparations on the marketable crop yield of tubers and formation of yield components. On the objects where microbial preparations were applied, the marketable yield was lower by 1.5 to 2.3 t/ha than in the control. Analysis of linear regression revealed occurrence of significant dependencies between the total tuber yield and the values of individual yield components. The relationships were the most visible for an average tuber weight formation as evidenced by the value of coefficient of determination (R 2 = 0.983).
In potato production nitrogen determines the quantity and structure of yield, its chemical composition and tuber quality. On the other hand, it provides an important source of environment pollution with nitrates. The effect of nitrogen fertilization on potato yielding is commonly known. Numerous authors investigating this problem think that increase in tuber yield occurs until some determined level of nitrogen fertilization and once this limit is passed, increase in yield is no longer statistically significant or a reduction in yield occurs (Zebarth et al. 2004 , Olivier et al. 2006 , Jamaati-e-Somarin et al. 2010 . Yield increment is the result of increase in the mean tuber weight and the number of set tubers (Galarreta et al. 2006 ). An average tuber weight is determined by many factors which directly or indirectly affect the value of this feature. Planting density, nitrogen fertilization, cultivar properties and moisture conditions have the greatest direct influence (Zebarth et al. 2006 , Lutra et al. 2009 , Badr et al. 2012 . The number of tubers per plant depends mainly on the number of main stems, which is a cultivar feature highly correlated with seed-potato size. Research of Zebarth et al. (2006) and Jamaati-e-Somarin et al. (2010) indicate that the number of stems is also influenced by the level of nitrogen fertilization. This relationship was not revealed by Zelalem et al. (2009) . On the other hand, the above quoted authors are in agreement as to the beneficial effect of nitrogen fertilization on the number of tubers and average tuber weight.
Progressing intensification of production (simplified tillage and crop rotation, reduced organic but intensified mineral fertilization, intensive chemical protection) affect unfavourably soil environment. Therefore, the idea of the environment protection and ensuring food safety is fast gaining in popularity. One of the ways to improve soil properties is application of microbial preparations. However, despite numerous investigations, the results of the effect of these preparations on the quantity and quality of yield and properties of soils are not unanimous (Stewart and Daly 1999 , Xu 2001 , Priyadi et al. 2005 , van Vliet et al. 2006 .
The aim of the investigations was an assessment of yielding and formation of yield components of edible potato tubers cultivated under conditions of diversified nitrogen fertilization and application of microbial preparations improving soil properties.
MATERIAL AND METHODS

Experimental design.
Field experiments were conducted in 2006-2008 at the Experimental Station of the University of Agriculture in Krakow (50°07'N, 20°05'E) on Luvic Chernozem with granulometric composition of ordinary silt. Two-factor field experiment was carried out in a split-block design in 4 replications. The experimental factors were nitrogen fertilization levels; 0, 60, 120 and 180 kg N/ha and microbial preparations improving soil properties: BactoFil B10 (3 L/ha), effective microorganisms (EM) (3 L/ha) and soil fertilizer UG max (0.9 L/ha) applied to the soil after the previous crop harvesting and before spring tillage. BactoFil B10 contains the following microorganisms: Azotobacter vinelandii, Azospirillum lipoferum, Bacillus megaterium, B. circulans, B. N 120 and N 180 , whereas microbial preparations as B, EM and UG max , respectively. Characteristics of the microbial preparations and methodology of the experiment were presented at length in a paper by Kołodziejczyk (2014) . Table 1 presents pluviothermal conditions during potato vegetation period assessed on the basis of precipitation amount, Sielianinow coefficient and potato water requirement according to Klatt.
Sampling and analyses. Prior to the harvesting the number of main stems was determined for each plot and tuber samples were collected from 10 plants to assess the average tuber weight, number of tubers per stem and shares of individual tuber fractions. The average weight of the tuber was determined by dividing the weight by the number of tubers. The fraction of marketable tubers consisted of tubers with transverse diameters exceeding 35 mm, whereas large tubers had diameters above 50 mm. The amount of marketable tuber yield was estimated on the basis of the share of marketable tuber Skowera and Puła (2004) : 0.0-0.4 extremely dry; 0.4-0.7 very dry; 0.7-1.0 dry; 1.0-1.3 fairly dry; 1.3-1.6 optimum; 1.6-2.0 fairly wet; 2.0-2.5 wet; 2.5-3.0 very wet; > 3.0 extremely wet; (+) excess and (-) deficit of rainfall compared to the water needs of potato by Klatt
RESULTS AND DISCUSSION
Nitrogen fertilization led to a significant increase in marketable yield of potato tubers (Table 2) . Yield increment in the respective fertilizer treatments ranged from 66% to 140%. Each applied nitrogen dose up to 180 kg N/ha caused a marked increase in tuber yield as compared with a smaller dose. In the research of Zelalem et al. (2009) a significant increase in total and marketable tuber yield occurred only from the nitrogen fertilization level of 138 kg N/ha. Jamaati-e-Somarin et al. (2010) stated that on the objects fertilized with 200 kg N/ha productivity of potato was lower, by 23% and 18% than on the objects fertilized with 160 and 80 kg N/ha, respectively. The research demonstrated unfavourable effect of microbial preparations on the amount of marketable tuber yield. On the objects where microbial preparations were applied the marketable yield was by between 1.5 and 2.5 t/ha smaller than in the control (Table 2) . Moreover, an interactive effect of microbial preparations and nitrogen doses on the amount of total and marketable tuber yield was observed ( Figure 1 ). Application of microbial preparations in the treatments without nitrogen fertilization (N 0 ) contributed to a marked increase in total and marketable tuber yield but only after the application of B preparation. Growing nitrogen doses diminished productive effectiveness of microbial preparation. Particularly unfavourable effect of joint application of microbial preparations and nitrogen fertilization on potato yielding was observed in N 120 and N 180 treatments. Development of total tuber yield depending on the experimental factors and weather conditions was presented at length in the paper by Kołodziejczyk (2014) . The effect of microbial preparations on potato yielding described in literature is not unanimous. Mayer et al. (2008) stated no significant influence of microorganisms on potato yielding, whereas Emitiazi et al. (2004) revealed a beneficent effect of microbial inoculants on tuber development in a majority of studied potato cultivars.
Nitrogen fertilization of potato influenced an increase in the value of tuber yield components. A significant increase in the number of the main stems per 1 m 2 under the influence of different doses of nitrogen fertilization occurred up to 120 kg N/ha level ( Table 2 ). The number of tubers per 1 stem increased significantly under the fertilization up to 60 kg N/ha. Each dose of nitrogen within the
fraction, after separating greened tubers, infected by disease or deformed. Potato harvesting, during which total tuber yield was determined were conducted in the 3 rd decade of September. Statistical analysis. Obtained research results were subjected to statistical assessment in accordance with experience system. Year was treated as a random effect. Honestly significant difference (HSD) for the studied traits were verified using the Tukey's test at significance level P < 0.05. Relationships between the tuber yield and yield components were assessed by means of analysis of regression. The analysis of individual contribution and share of respective yield components in the increased level of potato yielding between the nitrogen fertilization levels was based on the method proposed by Rudnicki (2000) .
Where: Y -total yield (t/ha); NS -number of stems per 1 m 2 ; NT -number of tubers per stem; AWT -average weight of tuber (g).
On the assumption that elements of yielding condition yield amount correlatively, the significance of each in differentiating yields among the objects (b and a) was determined as follows: The contribution of respective elements of yielding in the absolute difference in yields (t/ha) between the objects b and a was determined as follows:
Where: CNS -contribution of the number of stems; CNT -contribution of the number of tubers; CAWT -contribution of the mean weight of tuber.
NSb Table 2) . The effect was particularly noticeable in the treatments receiving nitrogen doses of 120 and 180 kg N/ha. Application of EM and UG max preparations in potato cultivation caused a diminishing of average tuber weight. The value of this feature depended also on the interactive effect of microbial preparations and nitrogen doses (Figure 2) . Application of B preparation in the treatments without nitrogen fertilization (N 0 ) resulted in a noticeable increase in average tuber weight, whereas following the application of EM preparation in N 60 and N 120 treatments a decrease in this feature value was registered. Unfavourable effect of all assessed microbial preparations on average tuber weight was observed in the treatments fertilized with 180 kg N/ha. On the other hand, a positive response of potato plants to the application of microbial preparations was noticeable for the tuber number per stem. A significant increase in this feature value in relation to the control was noticed only after the application of EM preparation. Microbial preparations did not diversify the share of marketable or large tuber fractions in the total yield (Table 2) . On the other hand, value of these features depended on the level of nitrogen fertilization. Each applied nitrogen rate led to a significant increase in marketable and large tuber fraction share. The share of marketable tubers in total yield was increasing in result of growing nitrogen doses from 94% to 98%, whereas the large tuber share from 58% to 74%.
Presented investigations demonstrated a significant effect of the weather conditions on development of average tuber weight but also the share of marketable and large tubers in the total yield ( Table 2 ). The largest average tuber weight was noted in 2007 characterized by precipitations amount 47 mm higher than needs during the period of formation and maturing of tubers, i.e. in July and August. On the other hand, precipitation deficiency in July 2006 and high number of set tubers had a negative effect on the formation of average tuber weight and the share of large tuber fraction. In 2006 the highest for the three-year period of investigations share of marketable tuber fraction in the total yield was noted. Precipitation amount during the July-August period 2008, approximate to potato plant requirements and an average number of set tubers, positively affected the share of large tubers. A significant effect of the moisture conditions on the value of tuber yield components was revealed also by Zebarth et al. (2006) . The authors stated a bigger average tuber weight in wetter than dry years and diversified response of varieties to moisture conditions concerning formation of the number of main stems but also the number of set tubers. Obtained results are compatible also with the reports of Badr et al. (2012) , who revealed that deficiency of water has a more unfavourable effect on average tuber weight than on the number of set tubers.
Analysis of individual share and contribution of individual tuber yield components in the increase in yielding level of potato fertilized with nitrogen dosed from 0 to 180 kg N/ha revealed the highest share -81.2% and contribution -14.6 t/ha of an average tuber weight (Table 3) . The share of the number of stems per 1 m 2 in the yield increment was 11.8% and the number of tubers per stem -7%, which was a contribution of these components of 2.1 and 1.1 t/ha, respectively. The contribution of average tuber weight in yield increase was growing from 8.5 t/ha (42.0%) at fertilizer treatments N 60 to 19.5 t/ha (96.6%) at fertilizer treatments N 180 . Conducted analysis of linear regression confirmed significant dependencies between the amount of total tuber yield and values of individual yield components (Figure 3) . The dependencies were the most pronounced for the development of average tuber weight, as evidenced by the value of the coefficient of determination (R 2 = 0.983). The dependence of tuber total yield on the value of the other yield components was lower (R 2 = 0.605 and 0.367). Conducted investigations revealed an increase in tuber total yield by 3.9 t/ha per each 10 g of mean tuber weight. Higher number of stems per 1 m 2 led to tuber yield increment by 7.8 t/ha per each stem, whereas the number of tubers per stem by 40.4 t/ha per each tuber. A strict relationship between the amount of tuber yield and average tuber weight (R = 0.936) was also revealed by Burhan (2007) . On the other hand, Khayatnezhad In conclusion, each nitrogen rate applied up to 180 kg N/ha caused a marked increase in the yield of marketable tuber, the average weight of tuber and share of commercial and large tubers in total yield. A significant increase in the number of the main stems per 1 m 2 under the influence of different doses of nitrogen fertilization occurred up to 120 kg N/ha level. The number of tubers per 1 stem increased significantly under the fertilization up to 60 kg N/ha. Microbial preparations generally had an adverse effect on the yield of potato. The positive fertilization effect of their use was indicated only in the treatments without nitrogen fertilization. Taking into account this fact and the previous literature data showing the beneficial effects of microbial preparations on soil properties their use in extensive and organic potato production is recommended. 
